The size distribution of the muckpile formed as a result of open pit blasting operations has a considerable effect on the efficiency of loading, hauling, and crushing. Various researchers have established certain correlations for predicting the efficiency of the operations according to the muckpile size distribution so that production can be carried out economically (Tunstall and Bearman, 1997; Nielsen and Kristiansen, 1996; Workman and Eloranta, 2004; Michaud and Blanchet, 1996; Frimpong, Kabongo, and Davies, 1996; Osanloo and Hekmat, 2005; Molotilov et al., 2010) . In these studies, the 50% passing size (X 50 ) is generally used. These methods rely on the correct measurement of the size distribution of the muckpile formed by the blast. The most reliable measurement method would be to subject the entire muckpile to a sieve analysis, but this is obviously impracticable. Therefore, computational method based on image analysis have been developed. These include IPACS (Dahlhielm, 1996) , Tucips (Havermann and Vogt, 1996) , Fragscan (Schleifer and Tessier, 1996) , Cias (Downs and Kettunen, 1996) , GoldSize (Kleine annd Cameron, 1996) , Wipfrag (Maerz, Palangio, and Franklin, 1996) , Split Desktop (Kemeny, 1994) , PowerSieve (Chung and Noy, 1996) , and Fragalyst (Raina et al., 2002) . In these methods, the size limits of the fragments forming the material are determined by image analysis on photographs of the muckpile. However, the computer software has some limitations. It does not take into account the third dimension of the muckpile, nor the size distribution of very fine fragments. In particular, the fragment size ranges below 2.5 to 3 cm cannot be determined, and therefore these cannot be included in the muckpile size distribution. However, the muckpile formed by a bench blast contains a wide range of particle sizes (Tosun et al., 2015) .
In this study, a new model was developed in order to ensure that the very fine fragments in the muckpile are included in the size distribution calculation. Eighteen test blasts in total; eight at the Arkavadi limestone quarry and ten at the Upper Aravadi limestone quarry, both belonging to Batıçim Corp. in Izmir,Turkey, were carried out. Initially, the muckpile size distributions from the test blasts (X 50 ) were determined by the Wipfrag computer program. The size distributions were then calculated for each blast using a new model, which incorporates the very fine fragments. In order to determine which method gives better results, the parameters determining the loading efficiency were used. Many researchers have emphasised that the loading efficiency of the loader depends directly on the muckpile size distribution (Michaud and Blanchet, 1996; Frimpong, Kabongo, and Davies, 1996; Osanloo and Hekmat, 2005; Molotilov et al., 2010) . Total pressure values measured in the hydraulic A modified Wipfrag program for determining muckpile fragmentation by A. Tosun pistons of the loader and the average fuel consumption of the loader were used as the parameters determining the loading efficiency. Correlations were examined between the muckpile size distribution determined both by the Wipfrag computer program and according to the new model with these loader parameters.
The muckpile was divided into sections and photographs were taken of the separated sections. The size ranges of the fragments forming the material were determined by image analysis of the photographs using the Wipfrag program. The size distribution representing the entire muckpile was determined by combining the size distributions obtained from each photograph. For example, nine images in total were obtained by dividing the muckpile of the second test blast in the Arkavadi limestone quarry into sections and each of them was subjected to fragment size analysis using Wipfrag (Figure 1) .
A total of 3496 fragments were included in the examination by processing nine images taken from the muckpile, their size distribution graphs were determined, and the average fragment size distribution of the muckpile was obtained by combining the nine graphs into a single graph. The X 50 value from this graph was calculated as 23.40 cm. The results obtained from the size distribution analyses of this muckpile are given in Tables I and II and Figure 2.  Table III presents the fragment size values (X 50 ) of the blast tests. The size value of the eighth test blast carried out in the Upper Aravadi limestone quarry could not be determined due to a data storage problem.
The Wipfrag software calculates the muckpile size distribution according to the number of fragments whose limits can be determined. However, it is not possible to calculate the distribution for fragments in the very fine size range, that is, under 2-3 cm. Even if this were possible, the image would contain millions of fragments. This limitation will result in a biased calculation of the size distribution of the entire muckpile.
A new model was developed in order to ensure that very fine fragments are included in the determination of the size distribution too. Very fine fragments below 2.5-3.0 cm in each photographic image taken over the muckpile in this model are blacked out, as seen in Figure 3 , since their limits cannot be determined. The percentile area of these blacked-L 1114 VOLUME 118 basis of the fragments used in the size analysis calculation with the Wipfrag size analysis program by extracting the fragments larger than 1 m in each photograph taken over the muckpile. It was accepted that the > 1 m fragments were formed as a result of drilling of hard rocks. For example, nine images were taken over the muckpile in a manner representing the entire muckpile in order to determine the average size distribution of the muckpile formed as a result of the second test blast at the Arkavadi limestone quarry. The percentile areas of fine fragments whose limits cannot be determined and fragments whose limits can be determined in each image were calculated for each image (Table IV) .
It was understood from the Wipfrag dimensional analysis program that the fine fragments in this test blast are those smaller than 2 cm. Afterwards, the fragment size value (MW 50 ) from which 50% of the new material is smaller was calculated by means of Equation [1] . Loading at the Arkavadi limestone quarry is carried out by a PC 450 LC 45 t backhoe hydraulic loader with a bucket capacity of 3 m 3 , and at the Upper Aravadi limestone quarry by a PC 550 LC 55 t backhoe hydraulic loader with a bucket capacity of 3.6 m 3 .
To determine the loader efficiency, the oil pressure in the hydraulic pistons of the loader and the average fuel consumption during loading were used. Hydraulic pressure was measured in the front pump, back pump, arm closure, and bucket closure pistons of the loader. The pressures can be monitored instantaneously as numerical values from the monitor in the cabin of the loader. Image processing was used for recording the instantaneous image data on the loader monitor.
Electronic (digital) image data can be transformed into numeric data that represents the pressures in the front pump, back pump, arm closure, and bucket closure pistons of the loader by using special software (Tosun et al., 2012) . Except for the first test blast at the Arkavadi limestone quarry, the pressures were recorded in a computer environment during completion of the loading of blasted material (Table VI) . Hydraulic pressure values during loading of the first test blast at Arkavadi could not be recorded due to certain problems experienced on-site.
The average amount of fuel consumed by the loader while loading the muckpile will vary depending on the size distribution. Fuel consumption values can be monitored from the data tracking monitor on the loader. Before beginning to load the material, the fuel consumption value was reset from A modified Wipfrag program for determining muckpile fragmentation L 1116 VOLUME 118 the loader data tracking monitor. After the completion of loading, the fuel consumption values were measured as an average for each blast (Table VI) . The pressures in the hydraulic pistons of the loader and the amounts of material loaded for each blast are also shown in Table VI .
The correlations between the muckpile size distribution calculated both by the Wipfrag program and according to the new model with total hydraulic pressure in the loader pistons of the loader and the average fuel consumption during loading were examined (Table VII, Figures 4-11) . Since different loaders are used at Arkavadi and Upper Aravadi, the correlations were determined separately for each site. The muckpile size distribution (X 50 ) calculated by the Wipfrag program shows poor correlation with the parameters determining loader efficiency, while very meaningful corrrelations are found between the parameters and the size A modified Wipfrag program for determining muckpile fragmentation VOLUME 118 Total hydraulic pressure in the pistons of the loader and the average fuel consumption by the loader used in the determination of the loader efficiency according to the muckpile size distribution are the net data where no error occurred. Therefore, it is understood that the new model circumvents certain deficiencies of the Wipfrag computer program used in the determination of the muckpile size distribution.
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In this study, 18 test blasts in total; eight at the Arkavadi limestone quarry and ten at the Upper Aravadi limestone quarry belonging to Batıçim Corp. in Izmir, Turkey, were carried out. Muckpile size distribution values were calculated for each blast using the Wipfrag computer program (X 50 ) and a new model which also evaluated very fine fragments in the VOLUME 118 X muckpile. The relationships between the muckpile size distributions calculated by both methods were compared with the total hydraulic pressure values in the hydraulic pistons of the loader and the average fuel consumptions by the loader, which are the parameters determining the loader efficiency, were examined. No relationship whatsoever was determined between the loader efficiency and the muckpile size distribution (X 50 ) by the Wipfrag computer program, but very meaningful relationships were seen between the parameters and the size distribution according to the new model. I wish to thank the Scientific and Technological Research Council of Turkey (TUBITAK) for providing funding for this research project, and Western Anatolia Cement Factory for their help during field studies.
